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Optical and magneto-optical properties ofRFe, (R=Gd, Tb,Ho,Lu) and GdCo,
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The conductivity tensors of single crystals and polycrystal®Bé (R=Gd, Th,Ho,Lu) and GdCowere
determined in the visible and near UV ranges. The magneto-optical Kerr ¢W&8KE) was studied at
different temperatures and magnetic fields. The single-crystal data show more features and larger magnitudes
in the MOKE spectrum than the polycrystalline data under the same experimental conditions. The theoretical
optical conductivity tensors for these compounds were calculated using the tight-binding linear-muffin-tin
orbital (TB-LMTO) method in the local spin-density approximation. The agreement between theory and ex-
periment was poor except for Luf;eén which the 4 shell is completely closed.

[. INTRODUCTION the crucible. This assembly was sealed in a quartz tube under
a partial pressure of argon. The sample was heated to
The electronic, magnetic, and magneto-optical propertied 140 °C and cooled from 1140 to 950 °C within 2 h, then
of rare-earth transition-metal intermetallic compounds haveslowly cooled from 950 to 700 °C over a period of 132 h.
been investigated by many authors due to their usefulness ihhe crystal grew during the first cooling step. At 700 °C, the
technical applications. Among them, the rare-earth, FeSample was inverted and spun in a centrifuge, forcing the
(RFe,) intermetallic compounds have been attractive forStill-liquid flux out through the quartz wool and leaving the
their high Curie temperatures and the simple cubic LavesCWSt?| in the'crumble. The quartz woql in the crucible acts as
phase C15) crystal structure. Katayanet al® measured the the filter durm.g flux removal. The sizes of the crystals of
Kerr rotations of polycrystallineRFe, (R=Gd,Er,Ho,Dy, ~GdCa are typically 2<1x1 mn?. The surfaces of the as-
and TH using a null-type automatic Kerr spectrometer at9rown S|_ngle crystals were mlrrorllk_e, so no further surface
room temperature with an applied magnetic field of 1.2 T.Preparation was necessary. Other single crystalRFa can
Mukimov et al> measured the magneto-optical equatorialP€ grown similarly. _ _
spectra of polycrystallindkFe, (R=Gd, Tb, and Er pre- GdCq crystallizes in the cuplc Laves phase with thg rare-
pared by arc melting. From these, they derived the off-earth atoms arrang_ed in the diamond structure consisting of
diagonal optical conductivities for Gdke TbFe, and two fcc sf[ructures displaced from each ot_her by one-fourth of
ErFe. The magneto-optical Kerr effetMOKE) data in the @ body d|ag_onal. The Co atoms are on sites of rhombohedral
present experiments using single crystals show more featursymmetry (3n), in a tetrahedral arrangement with four rare-
and larger magnitudes than the polycrystalline data. The reaarth atoms as next-nearest neighbors. All Rfés, com-
sons for this will be discussed. The theoretical calculation opounds we measured have this structure.
the magneto-optical properties of magnetic materials re- Polycrystalline samples of Gdfeand TbFe were pre-
quires accurate self-consistent band-structure calculationpared by arc melting. The surfaces of the polycrystals were
otherwise the wrong interband transitions will predict incor-polished with abrasives for the optical measurements, the
rect MOKE phenomena. In this work we present calculationdinal grade being a paste of 0.Q6m diameter alumina, then
based on the local spin-density approximati@8DA) to  cleaned with acetone and methanol. Finally, the samples
density-functional theory. For many itinerant electron sys-were dried with dry N. The crystals are well-defined single
tems the LSDA works very well, however, it is known to phases and the lattice constants obtained from x-ray diffrac-
have difficulty with systems containing localized orbitals ortion patterns are in accordance with previous published data.
highly correlated states. Nevertheless, a comparison betweéior the measurement of the diagonal part of the optical con-
experiment and LSDA calculations may be useful in under-ductivity, rotating analyzer ellipsometry was employed. El-
standing the limitations of the theoretical models, and in eludipsometry is widely used to study the optical properties of
cidating structures in the measured spectra when the modelsrious materials.The principle of ellipsometry is based on
have validity. the fact that the state of polarization of light is changed on
reflection. This change is directly related to the dielectric
function of the reflecting material. With ellipsometry one
Il. EXPERIMENT measures the complex reflectivity ratio,

Single crystals of GdRe TbFe, HoFe, LuFe, and
GdCao, were grown from the binary melfsThis growth
technique can be called a self-flux method in that no third I's
element is used as a fldxFor example, single crystals of
GdCq, were grown as follows. A button-shaped sample ofwherer,,rg are the complex amplitude reflection coeffi-
polycrystalline G s:Coy 45 Was prepared by arc melting un- cients forp- ands-polarized light, and andA express the
der Ar on a water-cooled copper hearth. The button waghange in amplitude and phase betwpeands components
packed into a Ta crucible and quartz wool was filled aboveof polarized light reflected from a surfacd# and A are

ell=tanve'?, )

=P
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guantities directly measurable from ellipsometry. This com- .
plex reflectivity ratiop is related to the dielectric functioa W= +ie= il ' (5)
by? i4m
oyx \/ 1+ ——0y
w

)

1-p
1+

e=sirt¢,+sir ¢.tart ¢,
From this, we see that the magneto-optical parameters are
directly related to the off-diagonal optical conductivity,, .
g{he relation between the measured magneto-optical param-
g eters and the real and imaginary part of the off-diagonal op-
tical conductivity tensor is given by

where ¢. is the angle of incidence andandp are complex
guantities. The ellipsometry measurements were done
room temperature in air without an external magnetic fiel
For n andk, the relative error is usually 2—3%, depending
on sample size and surface quality. For the magneto-optical
measurements, a magneto-optical Kerr spectrometer was em-
ployed, using the polar Kerr geometry, in which the applied
magnetic field is perpendicular to the sample surface and
parallel with the incident light beam. The angle of incidence 1)

was less than 4°. The reflection of light at near normal inci- Taxy= = 7 B+ Ack), ©®)
dence by a magnetized surface can be described by the

Fresnel reflection coefficients. =r . €%+, where + repre- Where

sents right and left circularly polarized light, respectiv@ly.

The definitions of Kerr rotation and ellipticity in terms pf A=—k3+3n%k—k,

andA . are given by

w
ley:E(_AeK'}_ Bex),

B=—n%+3k?n+n. (7)
Oc=— §(A+ —AL), The experimental values of the optical constanémdk (real
and imaginary parts of the complex refractive indean be
Ire|=|r_| obtained from ellipsometry, and the experimental spectra of
EK:W' (3 T,y Obtained from Eq(6). These experimental spectra may
n _

be compared with the theoretical spectra from self-consistent
An Al reference mirror is used to subtract the Faraday rota€lectronic structure calculations.

tion due to the optica| windows of the Cryostat_ It shows For the band-structure Calculation, the tlght-blndlng linear
negligible Kerr rotation and ellipticity between 1 and 5 eV, muffin-tin orbital (TB-LMTO) method” based on the
even in high magnetic fieldsFurthermore, to subtract the atomic-sphere approximatiofASA) with the inclusion of
strain birefringence of the windows we need to measure wit$Pin-orbit coupling is employed. It is well known that as the
both (positive and negativefield directions because the Packing ratio of the crystal increases, the accuracy of the
strain effect in the windows is independent of magnetic-fieldoand-structure calculation improves for the TB-LMTO
direction. Therefore the formula used for the Kerr rotationmethod. The structures &Fe, (R=Gd, Tb,Ho, and Luand

6 is given by GdCoq, are appropriate for the TB—LMTO_ method because
they are closely packed structures with high symmetry. The
Oc=[ (05— 0yy)— (65— 0y)1/2, (4)  4f electrons of the rare-earth atoms are treated as valence

-~ ] o electrons due to their important contributions to the magnetic
where = are positive and negative magnetic fields, and theyng electronic structures of the rare-earth transition interme-

subscriptsS andM designate the sample and reference mir-jjic compounds. The exchange-correlation potential has
ror, respectlvel_y. The Kerr_ rotation chang_es_ s_lgn_under réVeheen included in the local spin-density approximation
sal of the applied magnetic field. The ellipticiéy is deter- (| spa) with the von Barth—Hedin form® The k-integrated
mined in the same way. Each spectrum we reported is thgnctions have been evaluated by the tetrahedron technique
result of four scans taken over a period of typically 4 h. Foryth 144k points in the irreducible Brillouin zone. Once the
the Kerr rotation and ellipticity, the error depends on photonselt_consistent potential and charge are obtained, the diago-
energy. it is belo‘:/v 0.005° below 4 eV and increases {0 apna| and off-diagonal parts of the optical conductivity can be
proximately 0.05° at 5.2 eV. The principles of the magneto-q5|culated easily through Kubo's linear-response th¥ory

optical Kerr spectroscopy technique used was based on thgithin the one-particle band theory. With this, one obtains
method of Sato and co-worketS.The MOKE spectrometer the interband contribution to the conductivity tensor. A de-

linear-response theory gives the following forms for the in-

ll. THEORY terband contribution to the conductivity tensor:
In the macroscopic description of magneto-optical effects, s 12 2
i i i ~ e |77l “+ [ 7l
the optical conductivity tensor and magneto-optical param- — 2 z f 1—f n n
. . oxx(®) 2 (o[ (wn]
eters are related by the Fresnel equations for reflection coef- m?hQ & Tl 2wy
ficients for right and left circularly polarized light. For small
angles the complex Kerr rotation can be expressed in terms 1 1

- X — 4+ -
of the complex conductivity tensor component$'as w—wytie wto,tie

: ®
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wheref(w) is the Fermi distribution function anldn stand :;"
for the occupied and unoccupied energy band states at wave c
vectork, respectively. The momentum operator is expressed g 20
by
- oL
T=p+——0XVV (10) 135
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and

(11 FIG. 1. Optical frequency dependency of the real parts of the
diagonal optical conductivity for Hoke ThFe, GdFe, GdCg,

and LuFg, measured at room temperature.

1
7T;f|=ﬁ<nk|17rx+i7ry|n|).

m(K) are matrix elements for the left- and right-circularly

polarized components of the momentum operator, respec- | part of the di | optical ductivity f | tal
tively. In Eq. (10), p is the momentum operator and o Par” 0T the diagonal optical conductivity for polycrystal-

- line GdFe.
X VV represents the spin-orbit contribution to the matrix el-  gecause the experiment has been conducted in air, oxida-

ement. It is well known that in determining the magneto-ijon on the surfaces of the samples cannot be avoided. Many
optical effect th_e spin-orbit interaction, which Il_fts some of 5thord8—21 ysed a three-phase model to study the effect of
the degeneracies of the energy bands at high symmetryyigation on Si and GaAs. Gd and Fe or Co in GdBed
points or Ilngs irk space,.and the exchange sphttln_g in Mag-Gdcg, oxidize readily. GgO;, FeO, FgO,, and FgOs
netic materials play major rolés. The form of spin-orbit 56 known, as is GdFeOThe surface oxide need not be any
interaction added to the one-electron Hamiltonian is of these, but could be an amorphous oxide. A correction can
be made if the thickness and refractive index of the overlayer
are known. A more serious problem is disproportionate oxi-
dation of one of the two metallic elements, for that would
. leave Fe- or Gd-rich regions in the oxide layer or at its in-
whereVV is the electric field generated by an effective po-terface with the underlying metal, and these regions could
tential due to not only all of the other electrons in the solid,contribute another component to the off-diagonal optical
but also the nuclear cores, andis the Pauli spin operator. conductivity spectra. It appears that the growth of oxide lay-
The spin-orbit interactiof s couples the spin-up and spin- €rs on GdFgand GdCg is self-limiting, since the changes
down states and doubles the size of the Hamiltonian matri¥ ellipsometric spectra taken on a growth surface days,
from that of the scalar-relativistic one-spin Hamiltonian ma-weeks and months after preparation decrease with time.
trix. In addition, the spin-orbit interaction couples the orbital However, Lee and Choudhifyhave shown that in GdGo
angular momentum of the electron to its own spin magneticc0 precipitates in the oxide, especially if the sample is heat
moment, and causes a reduction in the symmetry of the crydreated.

tal. Magneto-optical effects also depend upon exchange ef- We have studied the oxide layers of Gdieed GdCg by
fects accounting for the splitting of the degeneracy ofAuger spectroscopy, secondary-ion mass spectroscopy, and
spin-up and spin-down states. Erskine and Steshowed x-ray induced photoemission, all as a function of sputtering
how the spin-orbit interaction and exchange splitting affectiime with Ar or Ne ions. The three techniques agree that the
the absorptive part of the off-diagonal conductivity by usingcomposition of the oxide is reasonably homogeneous
an atomic picture, while Misem&r demonstrated this in a throughout its depth and that the underlying compound is
band picture. Note that in Eq9), there may be extensive similarly homogeneous with depth. However, the Co x-ray

h .

Heo=—————p- (e X VV), 12
so 8m2c277p( ) (12)

cancellation of terms with opposite signs, diag,| is typi-
cally of the order of 1% ofoy,/ . Thuso,, can be a more
sensitive test of the electronic structure thay .

IV. RESULTS AND DISCUSSION

photoemission spectroscopy spectra show a peak shift with
increasing depth in the oxide indicative of more metallic
binding; Co precipitates may be present. The sputter times to
the interface led to an estimate of 200-500 A for the oxide
thickness. Multiple-angle ellipsometry led to an oxide thick-
ness estimate of 300-400 A for LuFand GdFe if the

The measured absorptive parts of the diagonal opticabxide refractive index is assumed to be that of Si®For

conductivity (014, for RFe, (R=Gd,Tbh,Ho,Lu) and

the study of the effects of oxidation on the off-diagonal op-

GdCg, are shown in Fig. 1. Broad peaks were found betweerical conductivity, Cheret al’s general expression for the

2.0 and 3.0 eV for the these compounds. Sharipball’

magneto-optical polar Kerr effect in a bilayer systéftwas

obtained a similar broad peak between 2.0 and 3.0 eV in themployed by treating the oxide layer &Co, as a transpar-
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FIG. 2. Kerr rotations of single crystals of GdCand RFe, FIG. 4. Optical frequency dependency of the imaginary parts of
(R=Gd,Th,Ho,Lu) measured at room temperature with an appliedhe off-diagonal optical conductivity component calculated using
magnetic field of approximately 0.5 T. the room-temperature MOKE data shown in Figs. 2 and 3. The

applied magnetic field was 0.5 T.

ent dielectric with an effective refractive index and thick-
ness. Corrections for several assumed thicknesses of oxidgdFe, GdCgq, LuFe, and about 70% for Tbkeand
overlayer on GdCphave been mad®,assuming the refrac- HoFe from the superconducting quantum interference de-
tive index of the oxide is that of SiO The corrections in- vice measurements. At room temperature, they are all ferri-
crease the magnitude of;,,, but do not alter the structures magnetic with Curie temperatures between 600 and 800 K.
appreciably. However, imr,,, the positions of peaks shift These data contain no effects of Faraday rotation or strain
upon correction, accompanied by changes in the magnitudéduced birefringence. The absorptive parts of the off-
the relative changes are more significant thairjg,. diagonal optical conductivity «,,,) for these compounds
Figures 2 and 3 show the Kerr rotation and ellipticity are shown in Fig. 4. The magnitude af,, is much larger
measured at room temperature using a N@rgpermanent than that ofo,,,. The sign ofoy,, is always positive while
magnet with a magnetic field of approximately 0.5 T. Asthat of o, can be both positive and negative as shown in
shown in Figs. 3 and 4, the MOKE spectra are quite diverseFig. 1. The similar broad peaks in;, are shifted away from
The peak positions of the Kerr rotation and ellipticity are each other in the case of,,, as shown in Fig. 4. The Kerr
noticeably shifted from each other and fine features are alsmtations of single-crystal and polycrystalline GdFenea-
observed. For LuFg the sign of the Kerr rotation and ellip- sured at different temperatures and magnetic fields, are
ticity is negative while those of the others cross from posi-shown in Fig. 5. The solid squares and the solid circles rep-
tive to negative. This is described in detail in the summaryresent the Kerr rotations of single-crystal Gdireeasured at
and conclusions. At room temperature, an applied field ofoom temperature with an applied magnetic field of about 0.5
0.5 T vyields about 90% magnetic saturation forT and measuredt& K with an applied magnetic field of 1.4
T. The Kerr rotation of single crystal Gdfeneasured at

T T T [ e higher magnetic field and lower temperature shows clearer
0.6 | Sngle Crystals (295K, 0.5T) |~ "% | features and a larger magnitude as expected. As shown in
. TbFe: ] Fig. 6, the magnetic moment of single-crystal Ggliefully
paakitagasta, o |a HoFe, saturated with an applied magnetic field of 1.4 T at 5 K. We
_ 0.4 -A_A_‘A.n-“ A,A'i._:‘_' "e_m e LuFe, made polycrystalline Gdkeby arc melting and polished it
3 5514\%:3‘ Je"" ‘At:_“».._A A ; mechanically for the optical measurements. The Kerr rota-
a i 8000} K tion of a single crystal of Gdkecrosses from positive to
g %%, 00000 o t8gg00000c negative at 3.1 eV while that of polycrystalline GgFie-
g Oo 0000800 eaenst) gative at 3.1 eV while that of polycrystalline d
=3 2 S mains positive.
Y “:_‘ u The Kerr rotation measured out of the cryostat at room
I ‘A: ’ .““'A_ temperature with an applied magnetic field of 0.5 T has no
e PPt o S Faraday rotation due to the windows and no-strain induced
0.2 “'*-n."_,_..--*"" A ] birefringence due to differential thermal expansion or pres-
. . . . s sure differential on the windows. Kerr rotations measured

inside the cryostat and outside of the cryostat cross zero at
the same energy, 3.1 eV, as shown in Fig. 5. This means that
the shift of the Kerr rotation due to strain or Faraday rotation
FIG. 3. Ellipticities of single crystals of GdGoand RFe, (R measured inside the cryostat is negligible, i.e., the correc-
=Gd, Tb,Ho,Lu) measured at room temperature with an appliedions were adequate. The Kerr rotation measured inside the
magnetic field of approximately 0.5 T. cryostat has a maximum value of about 0.3° at 1.5 eV and a

s s s | | 1 s
1.5 20 25 30 35 40 45 5.0
Energy (eV)
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FIG. 5. Kerr rotations of single-crystal and polycrystalline
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FIG. 7. Kerr rotation and ellipticity data for single-crystalline

GdFe measured at 7 and 295 K with applied magnetic fields of 1.4and polycrystalline TbRe measured using the temperature and
and 0.5 T. fields indicated in the figure.

minimum value of about-0.3° at 3.8 eV, crossing zero at 0.12° measured under the same conditions. The Kerr rotation

3.1 eV, while the Kerr rotation measured out of the cryostat . . .
4 of the single crystal is almost four times larger than that of

has a maximum value of about 0.12° at 1.5 eV and a mini-th | all le. C d o the K tati ¢
mum value of about-0.15° at 3.9 eV, crossing zero at 3.1 € polycrystalline sample. L.ompared to the Berr rotation o

eV. From these comparisons between measurements insiff@t@yama, the magnitude and shape are quite similar in the
and outside the cryostat, one can see very similar feature§as€ Of the single crystal, even though we applied a smaller
the magnitudes of the Kerr rotation are different due to dif-Magnetic field. There s a small flat shoulder between 2.2 and
ferent magnitudes of the magnetic fields. 2.8 eV in the Kerr rotation spectrum of Thfef Ref. 1. As
Figure 7 shows the Kerr rotations and ellipticities of Shown in Fig. 7, we can see also a similar feature between
single-crystal and polycrystal ThFeneasured at different 2.1 and 3.0 eV, but the shoulder is more clear than that of
temperatures and applied magnetic fields. The peak negatiRef. 1. In the case of our polycrystalline sample, the Kerr
Kerr rotation appeared around 4.6 eV for both samples medotation is smaller than that in Ref. 1, due to smaller applied
sured at 295 K and 0.5 T, similar to that of Katayama’smagnetic field.
polycrystalline datd.For polycrystalline TbFemeasured at We found that the single-crystal ThFshows a larger
7 K and 1.26 T, the absolute magnitude of the Kerr rotationKerr rotation and more features than the polycrystal under
at 4.6 eV is quite similar to that of Katayallrmeasured with the same experimental conditions. This result may have sev-
polycrystalline TbFe at room temperature and 1.2 T. The eral causes. First, mechanical polishing of the polycrystal
magnitude of the Kerr rotation of the single crystal of TpFe causes surface strain, so the magnetic domains may be more

at 4.6 eV is 0.46° while that of the polycrystal of ThFe  difficult to align compared to samples with unstrained sur-
faces. Therefore one can expect a higher magnetic field is

4

M(ug/GdFe,)

o

GdFe, (5K) -

H parallel GdFe, [111] ]|

o

1 2 3 4 5 6
Magnetic Field (T)

required to achieve saturation than for an unstrained surface.
To relax the strained surface, annealing the sample may be
necessary. However, we found annealing the polycrystalline
TbFe in vacuum expedited oxidation and grain growth. The
annealed surface lost its luster due to the oxidation or due to
grain growth, which caused roughening. Chemical etching
may dissolve one component more than the other compo-
nent. The surface of the single crystal of Thfggown from

the binary melt is mirrorlike, so no further surface treatments
were necessary to make the surface suitable for optical mea-
surements. Therefore no surface strain problem arose from
mechanical polishing as for the polycrystal sample. The sec-
ond factor which may affect the surface quality is oxidation.
While polishing the surface of a polycrystalline sample with
alumina solution, contact with water is unavoidable. This
may expedite the rate of oxidation. It is known that higher
humidity increases the oxidation rateAllen and Conneff®

FIG. 6. Magnetization measured as a function of applied magfound that oxidation reduces the reflectivity and the polar
netic field at 5 K. The field was applied perpendicular to the plang<err rotation of TRFe, _, (x=0.21). Therefore MOKE data
of the specimen.

from single crystals are more likely to represent the ideal
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FIG. 8. Kerr rotation and ellipticity data for single-crystalline  F!G- 9. Comparison of measured and calculated absorptive part

HoFe, measured using the temperature and fields indicated in th@' the off-diagonal optical conductivitiesog,,) for TbFe and
figure. HoFe,. A lifetime broadening of 0.5 eV was used and no Drude

contribution was included in the theoretical results.

MOKE spectra of the magnetic materials under investiga-
tion. absorptive part of off-diagonal optical conductivity for

We also measured Kerr rotation and ellipticity of HgFe HoFe, and TbFe between theory and experiment. The peak
at different temperatures and different magnetic fields. Figpositions and shapes of the experiment spectra do not agree
ure 8 shows the Kerr rotation and ellipticity of a single crys-with the results obtained from the TB-LMTO method. Com-
tal of HoFe measured at 7 and 295 K and 0.5 and 1.6 Tpared to the poor agreement between theory and experiment
respectively. A7 K and 1.6 T, the magnetic moment of for RFe, whose 4 shell is open, the magneto-optic spectra
single crystal of HoFgis about 90% of the saturated mag- of LuFe, whose 4 shell is closed agreed well with theoret-
netic moment. The negative peak position appeared at 3.7 ej¢al spectra obtained using the TB-LMTO scheme. Figure 10
for both samples. The absolute magnitude of the peak Kershows the experimental and theoretical values of the absorp-
rotation of polycrystalline HoRemeasuretiwith an applied  tjve part of the off-diagonal optical conductivityrg,,) of
magnetic field of 1.2 T is only 0.17°. Compared to that, theLuFe,. The theoreticab-,,, was obtained from Eq9). For
absolute magnitude of the peak Kerr rotation of the single&compounds containing rare earths with a partially filletd 4
crystal of HoFg is 1.1°, six times larger. Even with an ap- shell the localized # states cannot be adequately treated
plied magnetic field of 0.5 T, the peak Kerr rotation is larger.with the LSDA, and the so-called LSDAU method, which

But the peak position for Hokeeported in Ref. 1 for poly-  explicitly includes the on-site Coulomb interaction among
crystalline specimens is shifted to higher energy by 0.3 eV

compared with our data. This difference might come from
the effect of oxidation on the surface of the sample, but this 14
needs to be studied more. ’
As far as we know, there has been no report on the brems-
strahlung isochromat spectroscof®IS) or inverse photo-
emission spectroscogyPES spectrum of single crystals of
RFe, (R=Gd, Th, and Ha. The locations of the occupied
and unoccupied # levels of bulk Gd metal are-8.5 and
3.5 eV with respect to the Fermi level, respectively, from
PES and IPES dafd.The LSDA calculation of GdReusing
the TB-LMTO with spin-orbit interactions included gives the
positions Gd-4 occupied and unoccupied states-a3.5 and
1.3 eV with respect to the Fermi level, respectively. The
difference of the occupied states between the experiment and »
theory based on the LSDA of Gdf4states are very large, 0.0 ———

|_uFe2 —e— Experiment
—— Theory

cm(wﬂsec")

—8.5 and—3.5 eV, respectively. The LSDA does not treat 15 20 25 3E'° 35 40 45 50 55
the strong correlations of the localized électrons in GdFe nergy (eV)
correctly. The theoreticabr,,, of RFe, (R=Gd, Th, and FIG. 10. Comparison of measured and calculated absorptive part

Ho) using the TB-LMTO based on the LSDA are not in of the off-diagonal optical conductivitiesré,,) of LuFe,. Theoret-
agreement with the experimental,,, both in magnitude ical values determined from TB-LMT@solid line9 and experi-
and spectral shapes due to the incorrect electronic structur@sental results obtained from ellipsometry and Kerr spectroscopy
which lead to the wrong interband transitidfisFigure 9  (dotted lines. A lifetime broadening of 0.4 eV was used and no
shows the comparison for the experimental and theoreticdbrude contribution was included in the theoretical results.
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highly correlated localized electrons, seems to offer the pos- Third, the positions of the broad peaks im,, in
sibility of an improved description of the magneto-optic HoFe,, TbFe, and GdFe are different(Fig. 4). In the case
spectra’® of o1,x, the peaks are located around 2.5 eV. Butrig,,
the peaks located in the higher energy region are between 3.2
V. SUMMARY AND CONCLUSIONS and 4.5 eV. The different peak positions among
, .. GdFe, HoFe, and TbFe could be caused by different
We have grown single crystals of rare-earth trans'“onpositions of the occupied and unoccupietl gates of the

(RT) intermetallic compounds. We have measured the optiz5re earths relative to the Fermi energy.
cal constants of these samples using a spectroscopic ellip- gecause Fe is the common elemenRie, compounds

someter. By combining the magneto-optical parameterge giterent features af 5, related to MOKE are related to
(Ker_r rotation and_ ellipticity a_nd the optlc_al_ constants, We o different magnitudes of the spin-orbit coupling and ex-
obtained the off-diagonal optical conductivity at room tem-cpange splitting of rare-earths and hybridization between the

perature. , , L rare-earth bands and the Fe bands. The &edn-orbit in-
The absorptive parts of the optical conductivities; ()  eraction is common to aRFe,. It is much smaller than that

of RFe (.R:HO’ Tb, Gd, and Lhand GdCo, Fig. 1, have ¢ g 4t and R-5d. Therefore it may not be an important
very similar features, proad_peaks between 2.0 and _3'25 €¥actor in generating different magnitudes ®f,, among the
Ellipsometry shows I|tt|_e differences due to the d'ffer_emRFez series. The different electronic structures caused by the
number of 4 electrons in theRT, compounds and the dif-  yiterent hybridization between the rare-earth bands and the

fere?]t m@gnetic_: propertitfashof t?fej_e matelrials_. | ducti Fe bands may play a role in producing different features of
The absorptive part of the off-diagonal optical con uctiv- ;. in RFe, series. One should notice that the MOKE is

ity (5¢,) can be compared directly with the theoretioal,  yenendent not only on the spin-orbit interaction itself but
obtained from electronic structure calculations of the mag- sy on the joint density of states and the dipole matrix
netic materials. In the case of Luf-& which the & states lement<
are fully occupied, the theoretical and experimental values o Katayama argued that the absolute magnitudes of the
r_nz_igneto-optlcal pz_irameters and off-diagonal optical COnduc[')eak Kerr rotations inRRFe, decrease with increasingf4
tivity agree well with each othe¥. But for otherRFe, and  gjaciron count and the absolute magnitude of the peak Kerr
GdCo, where the 4 states are not fully occupied, thef 4 qaiion of ThFe is two times larger than that of Hoge
electrons are act|vely_ involved in the magnetic PropertieSryeir measurements are contrary to the fact that the MOKE
and electronic properties of the samples and the LSDA aPrag 4 linear dependence on the strength of the spin-orbit
proach did not give good results. interaction when other physical parameters are fixethe
‘Compared to the spectrum of,, the spectrum 0oy gpin_orhit splittingA ., increases as the number of lec-
(Fig. 4) shows quite diverse features. First,, of LUF&, IS rong increases in rare earfisTherefore the spin-orbit in-
positive at low energies while those of the other samples arg, 4ction of 4 states of Ho in HoFgis larger than that of Th
negative. This can be explained from the magnetic properties, TbFe. Thus we expect MOKE to be larger in HoFthan
of these compounds. In Lukethe magnetic moments are in TbFe,. As shown in Fig. 4, the magnitude of the peak of

dpminated by Fe because t_hé ghates of Lu are fuIIy_ occu- 0oy Of HOF&; is larger than that of Tbke The magnitude of
pied. Therefore the magnetic moments of Fe are aligned pafq o karr rotation of HoFe measured at 295 K in 0.5 T is
allel to the applied external magnetic field. The magnetic,

£ 1h heRF | domi db similar to that of TbFe shown in Fig. 2, unlike the measure-
moments of the otheRFe, samples are ominate Y rare ment of Katayama. The difference may arise because the
earths and the Fe moments align opposite to the applied f'eIQﬁfferences between polycrystaline and single-crystal

This means the Kerr rotation iRFe, contributed by the Fe s pjes. |t is clear that MOKE measurements are better car-
character is opposite in sign to that of elemental Fe an ied out using single-crystalline specimens.

LuFe, due to the ferrimagnetic properties BfFe;.

Second, the magnitude of the MOKE of GdHe larger
than that of GdCg as shown in Figs. 1-3. It may be due to
the weaker exchange splitting of Co. The different features in Ames Laboratory is operated for the U.S. Department of
ooy, Kerr rotation, and ellipticity of GdReand GdCe¢  Energy by lowa State University under Contract No.
arise from different exchange splitting and different strengthdV-7405-Eng-82. This work was supported by the Director
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